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A Hepatitis B Virus Mutant With a New Hepatocyte Nuclear 
Factor 1 Binding Site Emerging in Transplant-Transmitted 

Fulminant Hepatitis B 

jRMCARD Pult, ,j Tan guy Chouaro. 3 Stefan Wiel/vnd, 1 4 Roman Klemenk/ 1 Moshe Yaniv. 3 and Hubert E. Bi.vm 1 •« 



Hepatitis B virus (HBV) DNA wa« cloned from serum 
of a heart transplant recipient who died from fulminant 
hepatitis B transmitted by the donor. Restriction en- 
zyme analyses of the clones obtained by conventional 
cloning yielded six HBV variants: a major species (pF*l) 
representing and five minor species (pF-2 to pF-6), 
each representing 2Vt to 4*3* of the clones. The complete 
nucleotide sequence of these .six variant* revealed that 
five of the six viral genomes, including pF*l, carried A 
novel 11 ba*e pair (bp) insertion in the core promoter 
region as well ho an 18 bp and an 108 hp in-fr-tune deletion 
in the pre-Sl region not present in the donor. One ge- 
nome was identical to the frequence of the donor. Func- 
tional analyses of HBV clones generated hy in vitro mu- 
tagenesis and cassette exchange showed that the 11 bp 
insertion is a strong binding site for hepatocyte nuclear 
factor 1 (HNF-1). In transient transection experiments, 
the novel HNF-1 sequence motif was shown to result in 
enhanced viral replication. Immunohistochemical anal- 
yses revealed high levels of cytoplasmic and nuclear 
hepatitis B core antigen <HBcAg) and only scattered hep- 
atitis B surface antigen (HBsAg) expression in the liver. 
The data in our immunosuppressed patient showed that 
HBV variants can rapidly accumulate in severe hepatitis 
B and suggest that the novel HNF-l binding site may 
have contributed to the fulminant clinical course, possi- 
bly via enhanced viral replication. (HkpaTOLOCY 1997: 
26:1607-1516.) 

Organ-tran emitted hepatitis B virus (HBV) infection is a 
major problem in transplantation surgery. The disease may 
take a rapidly progreu*ive course leading to fulminant he- 
patic failure and death in many patients. The pathogenesis 
of severe liver damage in immunoguppressed patients with 
posttransplantation HBV infection is poorly understood. 
While in immunocompetent patients liver cell injury from 
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chronic HBV infection i* thought to be immune-mediated, a 
direct cytopathic role for HBV is postulated in immunosup- 
pressed transplantation recipients, especially in patienu 
with histological features of fibrosing cholestatic hepatitis 1 
and 6 tea to viral or fibroviral hepatitis B 2 In these patients 
high levels of viral nucleic acids and accumulation in the 
cytoplasm of hepatocyte* of the large hepatitis B surface anti- 
gen (HBsAg) have been observed.' Various mutation* in the 
HBV genome have been implicated in the severe clinical 
course of ^ubfulminant or fulminant HBV infection. 4 Among 
these, mutations resulting in a hepatitis B e antigen fHBeAg) 
negative phenotype because of interference with the expres- 
sion of HBeAg at either the transnational level, as in precore 
Stop codon mutants. r ** ,J or at the transcriptional level. a6 in 
core promoter mutants,' 31 * have been associated with fulmi- 
nant and severe acute hepatitis as well as *'ith recurrent 
HBV infection after liver transplantation' 6 or fatal HBV 
reactivation following cytotoxic treatment. 2 '* However, other 
studieA suggest that fulminant hepatitis B is not caused by 
a specific genomic mutation *' and frhow that the mutations 
described above are also found in patients with acute *elf- 
limited or chronic hepatitis B as well as in asymptomatic 
HBV ^nfection. ,2 • :!^, -* 

In this study, we identified and characterised a novel HBV 
mutant in a heart transplantation recipient who died from 
fulminant hepatitis B transmitted by the donor 

PATIENTS AND METHODS 

Cot fUpon. The patient a 5fr*year-old white woman who un- 
derwent orthotopic heart transplantation fur diluted cardiomyopa- 
thy. Th* donor wn& a mule of A* ian origin. After transplantation, 
donor earum was shown to be HBsAg positive. The recipient was 
serologically negative Tor oil HBV ntArkors *i th«- time of transplanta- 
tion: no paaaive or active HBV vaccine was given. Fontoperntively. 
the clinical course was uneventful under standard lmmunosuppres- 
■iva therapy with cyclotspohne (200 mg/di. ozathiopnne (75 mg/di. 
and prednlsont (35 mp/dt. In January 1993. 2 months after i rant- 
plantation, th* recipient was serologically HB&Ag And HBcAg posi- 
tive without slgriK or eymptome of liver dtftease. In May 1993, 6 
month* after transplantation, antibodies ogainot hepatitis B core 
antigen (HBcAg) of tht immunoglobulin M type <anti-HBc IpM > were 
detectable. Antibodies agnirw the hrpatttis delta antigen or hepalitie 
C virus were repeatedly negative. The recipiunt was still asymptom- 
atic. However, in July 1993. e> months after transplantation, scrum 
ami no Irons feratfc levels were elevated and the recipient becume 
jaundiced. Liver biopsy revealed ^u-omviral hepatitis. Jn Augu&L 
1993. 2 week* >oter, the piUtent died from fulminant hepatitib B. 
Sera obtained from the donor at the timu of transplantation and from 
the recipient before transplantation and during follow-up were stored 
at -80°C. Liver tissues obtained frr^ra the donor and the recipient 
at the time of death were forma tin -fixed end paraffin -em bedded. 

itoicHtm a*d doming of HBV DNA From Serum HBV DNA was 
extracted from ecrum as previously described.* 7 ' DNA wan isolated 
from 14 ml ••rum obtained from the recipient several hours before 
death. Serum was incubetud for 5 hours room temperature in the 
presence of 10 mmol/L MgCly «"d 20 pg'mL of DNasel ' Boeh ringer 
Mannheim. Mannheim. Germany ■ to digest free DNA. Ailer pelleting 
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through a 30'o sucrose cushion at 178.000x g overnight at **C. pro- 
teinase K digestion in the pre.sencu ur 1<£ of sodium dodecyl sulfate 
'SDS* and phonol/chlnrorurm extraction*, the single-Atranded region 
of HBV DNA wtta repaired by avian myeloblastoma virus reverse 
transcriytase iBoehnuger Mannheim i. The repaired douhle-stranded 
viral DNA was either digested with £.;r> RI or with Xbal, Hps tod into 
the Appropriately cut plaamid pGEM-7Z«fi-. and cloned in DHS a 
cells . BRL, Gaithersburg. MO i- For the £eoRI and Xhal cloning strat- 
egic* 29 and 30 clone? werv obtained, respectively, and characterized 
by restriction enzyme analyst* '.e.g.. EcoHl.Xbal. Ncol). These analy- 
sed yielded six different clones: a m;\jor clone pF- I that made up 83% 
of the clones analyzed. The five minor clone* represented 2* each 
ipF-2. pF-3, pF-4, pF-5» and 4^ ipF-6) of the clones. reupectWely. 
For transection experiments, head-to-tail dimurs of five £roRI- 
clones ipF-1 to pF-5> and of one „Y6aI-clone <pF-6) were constructed 
as described previously."* 1 The control plasmid padw2 contained a 
head-to-uil dimer of the wild-type HBV genome subtype adw2(Oka- 
moio ei al. type A* 1 *, inserted at the EcoRl aite of pGEM-7Z*fVr.** A 
polymerase chain reaction »'PCR;-haded cloniny procedure (dee below) 
u;ra used to generate an additional pF-l clone without Che II bp 
insertion in the core promoter region fpF-i-minueV For the construc- 
tion of pF-l-mmus PGR amplification w a» performed LAfrJI-aenseS'- 
CCGCCTACGAGGCTCTAGGCaTAAAITGGTGT-3', nt 1775-1S02, 
and BH<E!l-reverse pnmer 5 ' -GCTGTAGCTCTTGTTCCCAAGAA- 
TAT-3', nt 2830-2556*. followed by digestion with Avr\\ and B*f£II, 
respectively. The f*CR-fragment was introduced into pF-l, uamgthe 
4«46-nt /to EU-to-JVc-*?! fragment and the 400-nt .Vcol-to-Spel frag, 
uient. respectively The removul of the core promotor mutation was 
verified by DNA sequencing 'aee below). A replication-competent pF» 
l-minus dimer waif constructed as described above. 

PCB AmpUftcutlun of HBV DNA «u< Cloning afPCR Product* Am- 
plification of HBV DNA by PCR was performed in the presence of 3 
mmol/L MgCt^. 0,2 mmol/L of each deoxyribonucleoside triphos- 
phate. 26 pmolc? of each primer 'primer sequences can bo obtained 
from the authors upon request), and 1.25 U AmpliTaq <Perkin Elmer 
Cetu*. Norwalk. CT>. Amplification was performed with the following 
ihree-btcp cycling profile afler on initial denaturation step for 5 min- 
utes at 94 30 second? denaturing at 94 a C. 30 second r annealing 
at S5'C, and 60 ^condi extension at 75'C for a total of 40 cycles 
followed by a final incubation for 10 minutes at 74*C. All PCR prod* 
ucts were subjected to low melt agaroet: gel electrophoresis 'GIBCG/ 
BRL. Caithersnurg, MD» and visualized by cihidium bromide stain- 
ing. For cloning, the bund* of interest were cut out under ultraviolet 
illumination, and after short heating to 6*5*0 directly used for cloning 
i*ee below). The PCR amplification products were cut with the appro- 
priate restriction enzymes, and cloned into the pGEM*72ffl+ »Pro- 
mega. Madison. Wl i or pUC 19 (CIBCO/BRL. Guitheraburg. MD». 

DNA Sequencing and Cnmporativr Sequence Anaiyem. For the aia 
full-length clones pF-l to pF-6, both strands were sequenced indepen- 
dently. Plan mid DNA was prepared by the lysozyme lysis method 
and sequenced with HBV specific synthetic primer a fMicrosynth, 
Bulgach. Switzerland) according to the manufacturer's instruction* 
*T7 Sequencing kit. Pharmacia. Uppsala. Sweden), uaing J 'S-dATf\ 
In addition, for pGEM-?Z<fi* clones and pUC 19 clones. SW, T7. 
and T7/T3 primers wure used. Nucleotide sequences were numbered 
and aligned at the pututive EcoRl site a* position ! and compared 
with 57 complete HBV sequences from the European Molecular Biol- 
ogy Laboratory 'Heidelburg, Germany i databank. Sequence) analyst* 
was facilitated by the Heidelberg Unix Sequence Analysts Resource* 
(HUSARi at the German Cancer Research Center, Heidclburg. Ger- 
many with standard parameters. The nucleotide sequence data of 
the six full-length HBV genomes pf'-l to pF-6 reported in this report 
have been deposited in the EMBL. GenBank. and DDBJ nucleotide 
Sequence databases under the accession nos. X96072 to X 9507 7. 

Tranmfection ofHuM-7 CvtU and Anutyii* of HBV DNA. HuH-7 hu- 
man hepatocarcinoma cells were grown to nenr con fluency at 37* 
with 5% CO> in bcove's moditieri Dulbecco'a Medium G1BCO/BRL), 
Supplemented with 2 mmoLl Ngluiamine, penicillin-Btreptomycin 
iO.I million U-O.t g/L. GlBCO/BRD. f»nd 10^ fetal calf serum. Cells 
were iransfecLvd by calcium phonphate enprecipitation of 10 ut HBV 
DNA construct, 6 pg herring sperm DNA, and 2 5 pg reporter plaamid 
pCMV/SEAP (TROPIX. Bedford. MA) por 10-cm culture dish. The 
cell* were incubated for 14 hour* with the precipitate, washed with 
phosphate buffered saline, and incubiUed for another 2 to 5 days. To 
determine the variability in transection efficiency, each construct 
was tested in triplicate Trann feet ion efficiency was determined 3 
daya after transection by a standard colon metric aa*oy for placental 
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alkaline phosphatase secreted into the medium." For the detection 
of HBV DNA. viral core particles were isolated 5 days after uansfec- 
lion. Media and cells from two 10-cm dishes were pooled. Cells were 
lyscd by incubation lor 15 minutes at room temperature in 400 
- l%Nonidet P-40, 50 mmol/L Tris/HCl, 1 mmol/L cthyten«dir»mineu>t- 
raaoutate lEDTA) (pH 8.0). The cell nuclei were pelleted by centrif'u- 
gation in an Eppendorf tube at 11,000 rpm for 12 minuted To digest 
cloned input DNA, the supernatant was adjusted to 10 mmol/L each 
of MgCl v cind CqCI 2 and incubated for 1 hour at 37°C with 20 ug/ 
mL of DNasel (Boehringer Mannheim) and 35 U/mL of micrococcal 
nuclease (Pharmacia, Uppsala. Sweden). Nucleane digestion was 
stopped by the addition of EDTA (final concentration 30 mmol/L). 
Viral core panic let, were digested for 1 hour at 37*C with 1 mg/mL 
proteinase K in the presence of 1% SDS. Following one extraction 
with phenol/chloroform and precipitation with ethanol. methylated 
input pi as mid DNA was once more digested for 1 hour at 37°C with 
20 U/mL Dpnl \ Boehringer Mannheim). Core particle associated 
DNA was extracted with phenol/chloroform, precipitated with etha- 
nol and dissolved in 15^1 L mmol/L Trit/HCI. 0. 1 mmol/L EDTA (pH 
6.3). Nucleic acids wore separated on a 1.2% agarose get without 
•thldium bromide and vacuum blotted onto Nytran membrones (NY 
13 N. Schleicher at Schucll. Keene. NK) for 2 hours. After ultraviolet 
eroas-linking, the blots were prehybridized for at least 4 hours at 
42"C in 50% (vol/vol) formamide, 2.5x Denhardt's solution Ux Den- 
hardt'a solution: 0.02^ polyvinylpyrrolidone. 0.02% Fiuoll. 0.02^ bo- 
vine serum albumin). 5x saline sodium phosphnte EDTA <pH 7.4> 
tlx SSPE: 150 mmui/L NaCl. 10 mmol^. NaH : PO* , 1 mmoLO- EDTA), 
0.1% SDS, and 100 ^/oL freshly denatured herring aperm DNA. 
The membranes were hybridized with recombinant full -length HBV 
DNA. ™P*labeled by random primed laheling (Boohnnger Mann- 
heim) in the above described buffer for IB hours at 42*C The blots 
w«rc wafthed in lv saline sodium citrate. 0.5*k SDS for 15 minutes 
at 42*C. in ssline sodium citrate. 0.2% SDS for 30 minutes at 
58*C, and in O.lx saline sodium citrate. 0.2^> SDS for 20 minutes 
at 5e^C. followed by autoradiography at *80*C 

Gel Retardation Amy. Get retardation assays were performed as 
previouely described :u with rat liver nuclear extracts or with bacteri- 
■Hy expressed fihie-HNt protein, containing the N-u»rmina1 DNA 
binding domain »aa 1 to 2fl6> of rat hepatocyte nuclear factor-l 
IHNF-U.* 1 Dooble-fttranded olieonucleotidcs used for band-shift «»- 
peri men ts (Table 1 ) were radioactivcly labelled. Double stranded un- 
labelled competitor oligonucleotides (Table 1 1 were added to the reac- 
tions at the indicated molar exceen For supershift eupcriments, two 
rabbit polyclonal antibodies against HNF-l were used: orH-183 that 
is directed against a C- terminal peptide of HNF-l nfi , and aHNt-283 
that is directed against the N-termmal hetf of HNF-l 

Serological and tmmunohUtockemicat Anatyuet. Markers of HBV 
or hepatiti* delta virus infection were detected with enxyme-linked 
immunoassays from Abbott Laboratories, Chicago, IL. AJiti- hepatitis 
C vinifl was determined with the enzyme-linked immunoassay ^ 
from Ortho Diagnostic Systems. Tokyo, Japan. Liver tissue* from 
the donor and the recipient, obtained at autop»y. w«re fixed in A% 
phosphate buffered formaline and embedded in paraffin. Immunorufl- 
tochemical analyses for HBsAg and HBcAg were performed with the 
respective polyclonal antibodies using the DAKO Pap kit (DAKO A/ 
S. Glnetrup. Denmark). Sections were countersteined with hematox- 
ylin. 

RESULTS 

GenctU Heterogeneity of Serum HBV DNA- We isolated 
HBV DNA from serum of a heart transplant recipient who 
died after 9 months from transplant-transmitted fulminant 
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hepatitis B. Conventional cloning and restriction enzyme 
analysis of 59 clones obtained by two different cloning strate- 
gies *Eco RI and Xbali revealed six differem HBV DNA ge- 
nomes pF-1 to pF-6 (Table 2 and EMBL Data library. Acces- 
sion no*. X98072 to X98077). The major HBV DNA species 
pF-1 represented 88^. of the viral population in the patient's 
serum at the time of death. The five minor donee represented 
2 C * each (pF-2, pF»3, pF-4. pF-5i and 4*5- ipF-6i of the clones, 
respectively. The five clones pF-1 to pF-S contained an 11 bp 
insertion in the core promoter region as well as an 38 bp and 
an 108 bp in-frame deletion in the pre-Sl region. No precore 
stop codon mutation was found in any of the clones. In addi- 
tion to the 11 bp insertion and the pre-Sl deletions, the five 
clones pF-l to pF-5 showed a number of mutations. Clone 
pF-2. for example, had no X gene start codon because of an 
ATG to GTG mutation, similar to the X gene start codon 
mutation (ATG to ATA) previously described.* 7 Clones pF-3, 
pF-4, and pF-5 represented defective viral genomes, based 
on a deletion of the direct repeat DR2 <pF-3 and pF-5) or a 
duplication in the X open reading frame <pF-4>, similar to 
variant* described in patients with posttransfusion hepati- 
tis** and in woodchucks ** Different from clones pF-1 to pF* 
5. clone pF-6 was shown to be a fulMengih HBV genome 
without insertion or deletion. As determined by sequence 
analvsi* of PCR amplification products, clone pF-6 was simi- 
lar to HBV DNA found in serum from the donor as well as 
in sera from the recipient obtained 6 or 3 months before death 
(data not shown). 

Replication Competence of the Clones pF- J topF-6. The bio* 
logical properties of the six mutant viral genomes cloned from 
serum of the transplant recipient were characterized by 
transfection of HuH-7 cells with head-to-tail dimers of the 
clones pF-1 to pF-6. Five days after transfection, DNA was 
isolated from the cell cultures and analyzed by Southern blot 
hybridisation. As shown in Fig. 1. the two constructs pF- 
1 and pF-2 showed a higher level of replica tive HBV DNA 
intermediates than the wild-type clone. DensitomeCric trac- 
ing revealed that the level of replication of pF-J and pF-2 is 
at least three times higher than that of wild-type padw2. As 
predicted from the mutations detailed above 'Table 2), clones 
pK-3 and pF-5 with a deletion of the direct repeat DR2 were 
replication defective. Also, clone pF-4 with a duplication in 
the X/core promoter region resulting in two DR2 motifs was 
replication defective in vitro- As expected, ctone pF-6 showed 
wild-type levels of viral replication (data not shown). 

Nucleotide Sequence and Genetic Organization of the Major 
HBV Variant pF 1 

The complete nucleotide sequence as well as the genetic 
organization of the predominant viral genome pF-1 obtained 
from tht serum of the transplant recipient shortly before 
death was analyzed in d tail. 



Comparison of HBV Genome*: The complete nucleotide se- 
quence of the predominant genome pF-1 is given in Fig. 2. It 
has a genomic length of 3.100 bp and is of HBV genotype B 
according to Okamoto et ah Si Based on a comparison with 57 
complete humnn HBV sequences deposited in the EMBL data 
library, the sequence or pF-1 is closest to HBV strain 
hpbadw2 described by Okamoto et al.'* 11 As compared with 
this strain, a total of 51 nucleotide substitutions were de- 
tected. They are distributed throughout the genome. Seven 
mutations, underlined in Fig. 2. are unique and not pre- 
viously described in other HBV strains. The 34 nucleotide 
substitutions result in 39 amino acid .substitutions, identified 
in all four open-reading frames: 6 in the core region, 4 in the 
X region, 21 in the polymerase region, and 8 in pre-Sl/ pre- 
S2/S region. 

The pre-Sl and pre-S2 Gene Product*. The first of the two 
start codons of the pre-Sl region at position 2861 was absent 
in pF-1, because of an 18-bp deletion spanning nucleotides 
2863 to 2880, Similar small deletions around the first AUG 
codon of the pre-Sl region were previously observed in a HBV 
isolate from a chimpanzee 40 as well as in human HBV strains 
of ft different genotype, i.e., in all members of genotype D, 4 
in three members of genotype C. 42 and in one member of geno- 
type A.** In addition, the pre-Sl region showed an 108-bp 
in-frame deletion spanning nucleotides 2974-3071. The gene 
product was truncated two amino acids downstream from this 
deletion because of a TGG to TAG nonsense mutation, similar 



pf.1 pF-2 pF-3 pF-4 pF-S padwd M 
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<36 pg'. Auuiradiocrnphv overnight at -Wf\ 
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FtC 2. Nucleotide wNOoncL- of 
the mojur HBV DNA ci««* pf-1. Nu- 
cleotide chunks with f«[~ct w 
hprMidw2 .»r* indicated bv white let- 
ter.- on black back-tfround. Unique 
ch;.n C c» are underlined Dcl«uon» 
tt r« indicated by d«ifl- S^n «nd bu» P 
codon* for translation « w r U us im- 
portant regulotwry wtes ar* Wd- 
foced. Th« 1 1 bw« inji*rvmn ■* 
marked hold between lint*. 



to that pr^ousJy observed in a patent w tU,6 
B." In this esse. an U7:bp delet.on located Curminally .n 
eluded the initiation codon of the pre-S2 region. In pf-1. «* 
orL S2 Marion was fullv conserved and showed no unique 
no aXuUitutions. RecenUy, dclet.ons ™^ n £ 
mutations in the pre-Sl region/^ m the pre-S2 region or 
in both regions" 4 " have been .dent.ned. 

TA* S ctne Product. The S gene of clone pF-i ah ^ two 
unique amino acid subst.tutions: leucine prohne at postt, n 
9 and threonine to alanine at position 126. Th. ammo ac.d 
Lb.tituf.on at position 126 is located "^'J™™™^ 
n f the S Bene product. Interestingly, Mony*"»» «* 
2 * vlmamiSo « showed a threonine to a«ine or 
a threonine to ..paraffin, substitution at th earn po.it.on 



in patients with chronic hepatitis B who were P™»«*« <™ 

aniibodiai to HBaAg ( anti-HBs) without previous HBV vacci- 

S on nd l a healthy HBV carrier who 

uft-Ar and anti-HBs. At the same position, OJcamoto et »i. 

S^rthreVniJe to asparagine ^t^- « 

and passively immunised baby born to a HBeAg P o».ti,e car 

" nTp~*or. a»d Cor, Cea* Product.. No amino and wb- 
Juiandnonon 5— — ^ 

SSdl'SrAS .n^th "HBV Us seouenced 
to dau. it has a length f 1*3 or 185 am.no a«d. 

ra.. Po/ym*ro*e Gene /W«c». The polymerase of pF- 1 has 
twr U n^ueTn^no acid substitution*: aspartate u, glutamate 
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c mpethof: ULC F-1 F-1 -mut F-1-mJnua pr»>S1 

molar iceai: 0 6 25 1 25 0 6 25 1 25 0 6 25 125 0 6 26 125 0 6 25 125 



Fto. 3. Th« ll-bp insertion in 
vF*l creAU** u HNF-l binding fill* 
Binding o f recumbinant HNF-l to ti 
radioacaively lab* ted doubl* strnnrtf-d 
olignnuclenlidt cemutimnp n con^jn- 
m»s HN'F-I bmdmfi ftivt tl'LC' *a» 
cnmpfrurd with incrrafinjr nmminis of 
the olit;onui;t*-»'tidc.i indtciucd ui> lop 
For nomenclature and «qo«nr<» »cc 
Tablt J 
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at position 30 t «nd asparapne to aspartate at position 139. 
Both mutation* are located in the terminal protein region. 
Two in-frame deletions < positions ] 82- 187 and 219-254) were 
located in the spacer region. 

The X Gen* Product. The X open reading frame showed a 
unique alanine to threonine substitution at position 102. In 
addition, an ll-bp insertion between nucleotides 1777 and 
1778 results in a frameshifl, creating three novel amino acids 
and truncating the carboxyterminus of the X protein by 17 
amino acids. The insertion lead© to the loss of the cysteine 
at position 137. which is located in the putative Kunitz do- 
main-like sequence/'* 

Regulatory Elemeni$. No mutations were identified in the 
sequences relevant for transcription and replication/ 7 except 
for the HNF-l binding site in the pre-Sl promoter and the 
sequence of the LSE/core promoter. Both sequences showed 
a one nucleotide substitution, underltnod in Fig. 2. An ll-bp 
insertion is located within the basal core promoter. 

Th* 11 Bomc Pair insert ion in the fiiuoi Core Promoter 
Generate* a Sew HNF*2 Binding Site 

The ll-bp insertion located within the haeal core promoter 
creates together with the flanking sequences (Fig. 2) a 
putative HNF-l binding site JJ To test whether this ll-bp 
insertion generates a binding site for HNF-l, two setd of ex- 
periments were performed. First, binding of recombinant 
HNF-l to a labeled double-»tronded oligonucleotide, con- 
taining the consensus HNF-l binding site ULC. was com- 
peted by different unlabeled oligonucleotides. Binding of 
HNF-l to the probe was inhibited by an excess of unlabeled 
F-1 oligonucleotide (Fig. 3 and Table 1). The oligonucleotide 
F-1 mut. carrying a double mutation in the ll-bp insertion, 
a£ well as oligonucleotide F-1 -minus without the ll-bp inser- 
tion did not significantly interfere with the binding of HNF- 
1 ui the probe <Fig. 3 and Table 1). The affinity of the oligonu- 
cleotide F-1 for recombinant HNF-l was comparable with 
that of the well established HNF-l binding site in the pre-Sl 
promoter f adw2 pre-S 1 in Fig. 3;. Second, we tested whether a 
rat liver nuclear extract can shift oligonucleotide F-1. The 
assay w*£ validated by a shift with rat liver nuclear extract 
induced by the proximal element (PE56; Table 1» of the rat 
albumin promoter, representing a high-affinity HNF-l bind- 
ing site 'Fig. 4. PE56. lane 1). Labeled oligonucleotide F-1 
yielded a complex in the expected position (Fig. 4. F-1. lane 
J.i. In addition, oligonucleotide F-1 mut formed a similar com- 
plex, albeit at reduced affinity (Fig. 4, F-l-mut. lane 1). 
whereas oligonucleotide F-l-minus could not be shifted 'Fig. 
4. F-l-minus, lane li. To confirm the specificity of the band- 
shifts, the complexes formed were supershifled with the poly- 
clonal HNF-l -specific antibody arH-183 (Fig. 4. lanes 2. 6, 
and 61. The polyclonal HNF-l - specific antibody aHNt-283 



abolished the band corresponding to the HNF-1/DNA com- 
plex (Fig. 4. lanes 3. 6, and 9k In all supershift experiments, 
both polyclonal sera lead to an additional nonspecific band 
(Fig. 4 1. 

Enhanced pF-i Replication Depends on the Sew HSF-1 
Binding Site 

To test whether the new HNF-l binding site in the basal 
core promoter of clone pF-1 affects the level of viral replica- 
tion, a clone without the ll-bp insertion was constructed (pF- 
1-minus). As shown in Fig. 5, pF-l-minus, indeed, show* only 
wild-type levels of viral replication. 

Accumulation of Mutation* during Fulminant Hep** fit if B 

The HBV core upstream regulatory sequence, the core pro- 
moter, and the pre-core region were PCR-amplified with 
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>*IO. 4. Th# pFO *pevific mrt* promnLcr aequenee bind* to H'NF-l pr*«m 
*n rniHvcrnurlmr vitr^cw. RudlnaciivtrU labeled duubJe cirandcri oligonucleo- 
tide* iprobct wet* #hiFU*1 with nuclt^r eBinwrt* irat liver NE> in the pr«*cn«r 
of fetal Oilf MruJii (li «nd puiwrrahifwd **iih anti-HNF-l rabbit polyclonal 
ontthndv arH-183 or aHNi»2Aa '3'. For probe nomenclature and ntyutntee 
rcc Ti>M* J. 
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Fic. ft Effect of nov*J HNF-l b.ndinn *ne nn HfiV replication. Southern 
blot nnalvji* af cvinpliwim*: DNA isolnird from HuH-7 cell* five day» plUtr 
transection with' the cloned HBV varumi ONAfl indicated on top. Pionmid 
padw2 ib uaed a* a control; M. lincnr 3.2 knp HBV DNA marker *36 pc>. 
Autoradiography *iverp)»fht «t -SO r C 



primer pair 1/2 in serum samples obtained from the donor 
and from the recipient at three different time points after 
transplantation. Twenty-three clones were sequenced: 6 
clones from a *erum sample of the donor, 7 clones from a 
serum .sample of the recipient taken in February 1993, 6 
donee from a serum sample of the recipient taken in May 
1993, and 4 clones from a serum sample of the recipient taken 
shortly before death, in August 1993. 

The nucleotide sequences of the core upstream regulatory 
region and the core promoter are tfiven in Table 3. The nucleo- 
tide sequences were identical in aJl clones obtained from the 
HBV- infected donor and from serum samples of the recipient 
taken in February and iMay 1993, respectively. The sequences 
of the four clone* obtained from the patient in August 1993 
were identical to the sequence of the major clone pF-1 and 
differed at five positions from the earlier serum samples of 
the recipient and of the donor. The ll-bp insertion creating 
the novel HNF-l binding site in the core promoter region 
could be identified only in August 1993 at the time of fulmi- 
nant hepatitis B. All four clones from this latest serum sam- 
ple displayed hpbadw2 wild-type sequences at positions 



1762 A , 1733g. and 1899 c , respectively, whereas all other 
clones showed nucleotide substitutions compared wuh^ 
hpbadw2 at the respective positions. None of the 23 defies 
showed a pre-core nonsense mutation. 

In the PCR products obtained with primer pair 1/2. muta- 
tions were also identified in the core gene (Table 4k Donor 
and early samples from the recipient displayed highly homol- 
ogous core sequences. Again, the latest serum taken at the 
time of fulminant hepatitis B differed considerably from all 
previous samples. Most of the mutations were located in the 
sequences encoding the N-terminal part of the core protein 
and were clustered in the major T-helper cell epitope. 

Immunohietochcmival Analy*i$ of Liver Tissue 

Immunomstochemical analysis of the donor liver showed 
diffuse and abundant expression of HBsAg in the cytoplasm 
of the hepatocytes (Fig. 6A). By comparison, at the time of 
fulminant hepatitis HBsAg expression was very scattered m 
the recipient (Fig. 6B). HBcAg expression was focal and nu- 
clear in the donor (Fig. 6C). By contrast, in the recipient very 
strong nuclear as well as cytoplasmic HBcAg Btaimng was 
identified (Fig. 6D>. 

DISCUSSION 

In the present investigation, we characterized 59 HBV 
clone* obtained by conventional cloning from serum of a heart 
transplant recipient who died after 9 months from trans- 
plant-transmitted fulminant hepatitis B. By restriction en- 
zyme analyses, the clones obtained could be categorued into 
aix different genomes: pF-1. representing approximately 90% 
of the clones, and pF-2 to pF-6, each representing approxi- 
mately 2-4% of the viral species. Clone pF-6 was similar to 
HBV DNA found in serum of the infectious donor and corre- 
sponded to hpbadw2 wild-type HBV DNA- By comparison, 
the clone* pF-1 to pF-5 carried an 1 1 -bp insertion in the basal 
core promoter region of HBV as well as an 18-bp and a 108- 
bp insertion in the pre-Sl gene. 

To identify HBV DNA sequences responsible for the fulmi- 
nant clinical course in our patient, replication-competent con- 
structs of the six viral genomes were constructed and trans- 
fected into HuH-7 cells in parallel with the HBV wUd-type 
construct padw2. In cells transfected with the pF- 1 and pF-2 
elevated levels of viral replication were observed as compared 
with cells transfected with padw2. No viral DNA was present 
in cell* transfected with pF-3, pF-4. and pF-5 that carried 
X region deletions or duplications. Apart from the pre*Sl 
deletions, the major mutation common to pF-1 and pF-2 was 
an U*bp insertion in the core promoter region, suggesting 
that it could be the basis for enhanced viral replication. In- 
deed, removal of the ll-bp insertion from pF-1 tpF-l-minus) 
lead to a reduction in viral replication to HBV DNA wild- 
type levels. 

Based on gel retardation experimenU. the ll-bp insertion 
in the core promoter region was shown to generate a novel 
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KNF-1 binding site. HNF-1 binding sites are typically found 
in promoters leading to liver-specific gene expression ae well 
as in promoter and enhancer repane of hepauitropic viruses 
such as in the pre-Sl promoter of HBV 6 * and in the duck 
hepatiti* B virus enhancer™ Recently, Fourel et al. (per- 
sonal communication. May 1996) could show that in wood- 
chuck hepatitis virus infection the amount of pregenomic 
RNA and the level of viral replication are controlled through 
a HNF-1 binding site located within the core promoter up- 
stream regulatory sequence. t . . 

Recently, additional putative HNF-1 binding sites in the 
basal core promoter generated by nucleotide insertions have 
been found in HBV genome isolated from a chrome HBV 



carrier 62 from a patient with recurrent HBV infection after 
liver transplantation* 4 as well as from immunosuppressed 
HBV-infected kidney transplantation patient* and HBV-in- 
fected patients with severe liver disease.* 4 In the chronic 
HBV carrier, the putative HNF-1 binding site contained a one 
base Bubstitution compared with our mutant that possibly 
reduces its HNF-1 binding capacity and therefore viral repli- 
cation However, it remains speculative whethor sequence 
variations in the putative HNF-1 binding sites are response 
bte for the chronic or fulminant course of HBV infection. 

In our patient, enhanced viral replication was associated 
with accumulation of massive amounts of cytoplasmic and 
nuclear HBcAg in infected hepatocytes, possibly resulting in 
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cytnpathic effect*. In a genie mou^ modol it has been 

shown that overproduction of the large surface antigen is 
cytopathic (for review *ae Chi^an""' and references therein). 
It ib Atill unclear, however, whether HBV replication or gene 
expression in infected hepdtocytes it* directly cytopathic. 
Again in the transgenic mouse model, high-level HBV replica- 
tion and HBcAg expression are not cytopathic. 1 " 6 In out pa- 
tient in contrast to the hepatic lesions described in patients 
with fibrosing cholestatic hepatitis and *tcatoviral hepatitis 
(see above), immunohUtochemically there was almost noac- 
cumulation of HBsAg m the cytoplasm of hepatocyU. Thw 
may be caused by the one nucleotide substitution in the HNr- 
1 binding site of the pre-Sl promoter and the truncated pre- 
SI gene product because of the 18-bp and 108-bp deletion. 
Further studies are in progress to assess* the capacity of the 
six genomes pF-1 to pF-6 to produce HBsAg and HBeAg. 

In interpreting our findings, we cannot rule out the contri- 
bution of other mutations detected m the HBV genomaa to 
the pathogenesis of the fulminant clinical course in our pa- 
tient. The pathogenic potential of HBV variants with mis- 
s*nse mutations in the core gene isolated from pa den U with 
sporadic fulminant and severe hepatitis B/* as well 96 in 
liver transplant patients developing fibrosing cholestatic 
hepatitis'" is unkown In these cases, immune- mediated 
mechanisms are postulated to contribute to disease patho- 
genesis . M In our study, we identified the rapid emergence of 
new viral quasi-species during fulminant hepatitis B. It can- 
not be ruled out. however, that th*se viral quasi-species were 
already present as a minor viral subpopulation in the donor, 
not detectable by sequencing of the PCR amplification prod- 
ucts. Thu$, accumulation of variant viral genomes may have 
occurred as a consequence rather than the caude of fulminant 
hepatitis. 

Despite these interpretatinnal uncertainties, our results 
clearlv show that a novel viral population different from that 
present in the infectious source rapidly emerged and accumu- 
lated in the transplant recipient during fulminant hepatitis. 
We identified a novel sequence in the basal core promoter of 
the HBV genome generated by an 11-bp insertion of a binding 
site for HNF-1. This insertional HNF-1 binding fiite mutation 
was present in nearly all new viral quasi-species present in 
the patient at the time of fulminant hepatitis B. possibly 
reflecting a highly pathogenic HBV pool directly involved in 
the fatal outcome of the patient's liver disease via enhanced 
viral replication and/or gene expression. 
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